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Abstract— In the past decades, Information System (IS) has 
been applied in wide and diverse management area.  
Construction management problem is considered a new and 
promising area for IS researchers to contribute. Scholars in 
IS discipline have divided research in two distinct paradigm 
i.e. behavioral and design science. This paper presented a 
Design Science Research Methodology (DSRM) for DSS 
development. The research aims to create an innovative IT 
artifact to support the decision making for consultant 
selection problem (CSP). To address the research objectives, 
three case studies at Malaysian Department of Irrigation and 
Drainage (DID) are planned to be conducted and integrated 
in the DSRM framework. It is expected that this research 
will contribute to the improvement of organizational 
decision making process for consultant selection involving 
irrigation and drainage projects. 
 
Keywords - Consultant Selection, Decision Support System, 
Design Science Research Methodology. 
I. INTRODUCTION  
As technology evolves into new application areas, 
innovation create IT artifacts with technical capabilities 
intended to solve known problems uniquely and solved 
problems more efficiently. Based on a highly cited paper, 
March & Smith (March & Smith, 1995) defines the 
artifact as a DSRM output can be classify of four types i.e. 
constructs (vocabulary and symbols), models (abstractions 
and representations), methods (algorithms and practices), 
and instantiations (implemented and prototype systems). 
This study can be considered as an applied type of IS 
research which contribute to meet the organizational 
needs in construction field. In the construction literature, 
it is rarely to find research that adopts design science as a 
research strategy to develop DSS. This term is only 
gaining its popularity within IS community after the 
introduction of system development as a valid research 
method by few notable researchers in the last decade 
(March & Smith, 1995; Nunamaker et al., 1991). The 
objective of this paper is to presents a design science 
research method for CSP in infrastructure project. A 
number of case studies for irrigation and drainage projects 
will be integrated in the design science framework. The 
paper starts with brief explanations on DSS for consultant 
selection in infrastructure project. Later, the discussion 
will be detailed on IS research paradigm and followed by 
design science research methodology for CSP. The steps 
that will be undertaken in our approach will address the 
main research aim which is to develop a DSS software 
specification for CSP.  
II. DECISION SUPPORT FOR CONSULTANT SELECTION 
IN INFRASTRUCTURE PROJECT 
Infrastructure project developments undertaken today 
are complex in nature. They demands greater skill and 
technologies, fast track work practices, good decision 
making and analytical skill, and capabilities to utilize IT 
specifically in planning phase. Practically, clients who do 
not have a good understanding on the design and 
management may suffer a severe loss specifically for 
infrastructure projects. There is a need of luring the right 
consultant to secure client’s investment in infrastructure 
developments. Throughout construction project life cycle, 
consultants play vital role from the inception to 
completion stage of a project. Studies in Malaysia show 
that infrastructure projects involving irrigation and 
drainage have experience problems such as cost overrun, 
delay, or poor workmanship due to the consultant’s 
incapability (DID Kedah, 2008; Kadir et al., 2003; 
Mohamad, 2004). This highlights the need of aided 
decision making to select the best consultant by using 
DSS. Recent trend revealed that most DSS in construction 
only concentrated in decision model development. These 
models were impractical and unused as it is complicated 
or difficult for laymen such as project managers to utilize. 
Besides, the lack of software specifications for DSS is 
identified to be the main problem that contributes to this 
highly complex decision model. This scenario is also 
inherited to CSP. It is important to develop software 
specifications that can encapsulate the decision model for 
CSP. Thus, requirement engineering process will be 
conducted to achieve this purpose. 
III. INFORMATION SYSTEM RESEARCH PARADIGM 
By addressing issues pertaining to the design and 
development of DSS for CSP, this study will follows the 
research paradigm in IS. According to March & Smith 
(March & Smith, 1995), there are two dominant paradigm 
in the IS discipline i.e. behavioral science and design 
science. The behavioral science paradigm develops and 
verifies theories that explain or predict human or 
organizational behavior. Meanwhile Hevner et al. (Hevner 
et al., 2004) describe that design science paradigm 
extends the boundaries of human and organizational 
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capabilities by creating new and innovative artifacts. 
Broadly speaking, behavioral science researchers search 
for the truth, while design science researchers seek utility 
or to improve the current practice. Hiver et al. (Hiver et 
al., 2004) also suggested a framework to conduct IS 




Figure 1. IS Research Framework (Hevner et al., 2004) 
The conceptual framework above combines 
behavioral science and design science paradigms in IS 
research. The framework comprises of both required rigor 
and the practical environment of use i.e. the problem 
space to be solved. The problem relevance in the 
“environment” aspects may consist of people, 
organizations and technology. Hevner et al (2004) claims 
that these aspects define the business need or problem 
perceived. Once the problem or business needs has been 
identified, the research process in IS might follow either 
behavioral or design science paradigm based on the nature 
of the research problem and objectives. Behavioral 
paradigm research is conducted through development and 
justification of theories (Hevner et al., 2004). March and 
Smith (March & Smith, 1995) agree that the natural and 
social science or behavioral paradigm couple consist of 
theorize and justify. This refers to the construction of 
theories that explain how or why something happens. In 
the case of IS research this is often an explanation of how 
or why an artifact works within its environment. Justify 
refers to theory proving and requires the gathering of 
scientific evidence that supports or refutes the theory 
(March & Smith, 1995). Meanwhile design science 
performs the research by build and evaluation of the 
artifacts to address the management problems.  Hevner et 
al (Hevner et al., 2004) also clarify that research rigor in 
IS is achieved by matching the suitable foundations to 
develop/build and also adopting the appropriate 
methodologies to justify/evaluate the research output. The 
selection of research methods is important as it will guide 
to the accomplishment of research aims.  
IV. DESIGN SCIENCE RESEARCH METHODOLOGY FOR 
CONSULTANT SELECTION 
Design and design theories are central to the IS discipline 
(Hevner et al., 2004; Walls et al., 1992). Design theory is 
a prescriptive theory based on theoretical underpinnings 
which says how a design process can be carried out in a 
way which is both effective and feasible (Walls et al., 
1992). The design science paradigm stresses design as an 
approach to create knowledge. Simon (Simon, 1996) 
explained the importance of design. Studying artificial 
objects rather than natural objects or phenomenon can 
solve many problems that a behavioral approach cannot 
(Simon, 1996). The term artificial refer to human made 
interactive system (Simon, 1996). Benefits of design 
theories include providing researchers a basis for making 
predictions about system use and impacts (Markus et al., 
2002).  
A. The Research Process 
As mentioned earlier, the main aim of this research is to 
find the software specifications of DSS for CSP. 
Therefore the anticipated output of this research is to 
create IT artifacts specifically for consultant selection. 
Driven by the motivation and research objectives, design 
science approach will be utilized. Considering its 
capabilities to address issues pertaining to the design and 
development of an IT artifact, DSRM is well suit for the 
research that involve with system development.  The 
following figure depict the research flow which follows 
DSRM with an integration of case studies approach (see 
Figure 2). The figure illustrates research with five phases 
which include knowledge flows, process steps, and 
expected output from each stage. The followings briefly 
describe each phase and its activities; 
1) Phase 1- Awareness of the Problem:  
The research starts to seek the awareness of research 
problem by using literature review activities. The review 
explore the infrastructure project planning with emphasis 
on consultant selection decision making and later 
concentrated on the approach to solve decision making 
problem by using DSS tools. As a starting point, it is 
necessary to first identify the needs and also the gaps in 
construction industry particularly on infrastructure 
planning. Once the gap has been identified, the literature 
review will then study the approach of how to address the 
problem. The deliverables of this step is the proposal of a 
critical review of CSP and current state of DSS in 
construction. 
2) Phase 2 – Suggestion:  
The second phase of this research concerns on two aspect 
of requirement engineering i.e. requirement elicitation and 
requirement analysis. There are two case studies that will 
be performed in this phase.  
a) Requirement Elicitation- Case Study 1:  
In requirement elicitation activities, a case study 
will be conducted to investigate the system and 
user requirement for the DSS implementation at 
DID Malaysia. Few issues regarding the system 
and user requirement will be discussed. This 
includes; 
High-level elicitation 
- organizational business role 
- stake holders or decision maker to select the 
engineering services 
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- available projects that require the consultant 
engagement 
Detailed elicitation 
- flow of management activities in DID with 
focusing to consultant selection 
- existing system (manual or computerized) 
that currently being used by the department 
to select the consultant 
- data structure of the consultant details 
(manual or computerized) 
- consultant selection criteria 
The empirical result of this case study will be use 
as a basis to gain a broad understanding of user 
and organizational needs towards DSS 
development for consultant selection. This will 
also help to strengthen the next case study by 
providing a general understanding of the 
procedure and criteria that will be used for 
selection purpose.  
b) Requirement Analysis- Case Study 2 
The data gathered from the case study 1 
(requirement elicitation) is still not organized. 
This data need to be analyzed and design. A case 
study will be conducted in the requirement 
analysis activities. The purpose of this case study 
is to understand the organizational decision 
making process of consultant selection for an 
infrastructure project at DID. The anticipated 
output is to develop the conceptual decision 
model for consultant selection. Initially, a 
scenario such as flood mitigation project will be 
selected as a strategy to illustrate the consultant 
prioritization by managerial and strategic 
decision makers. The process will start where the 
managerial will conduct a ranking from a list of 
consultant’s candidate and the best five names 
will then be evaluate by the strategic decision 
makers. At the moment, we plan to deploy 
hierarchical fuzzy TOPSIS to generate the 
ranking score. The algorithm is chosen due to its 
benefit and widely used in many multi criteria 
problems. In addition, this technique is also 
flexible in term of system development 
scalability where it can support a high number of 
criteria and alternatives. Further to this, a goal 
driven requirement analysis will be develop to 
refine the requirement elicitation from previous 
case studies. An organizational modeling will be 
design in conjunction with the prioritization 
scenario by using hierarchical fuzzy TOPSIS. 
Thus, the software conceptual modeling will be 
design based on the findings in this research 
activity. 
Both case studies (i.e. Case Study 1 and 2) at DID 
Malaysia are considered as “proof by concept” 
(Nunamaker et al., 1991) and will provide sufficient 
software requirement analysis and design. To improve the 
reliability of the case studies, the data used are mainly will 
be collected through different sources such as semi-
structured interviews, department’s procedure documents, 
government circular and letter of instructions, manuals 
and websites. 
3) Phase 3 – Development: 
The third phase of DSRM is the build or development 
phase. At this stage, artifacts will be implementing based 
on the design or conceptual model in previous phase. 
Research activities in this phase include the Requirement 
Definition, Database for Consultant Selection, Operational 
Module, Managerial Module and Strategic Module. The 
implementation of these components will be left 
undefined until the previous case studies have been 
accomplished. At the moment, we anticipated to develop 
the core prototyping by integrating the web recommender 
searching system under the operational module system. 
This feature will assist decision makers searching the 
consultant candidate’s in the database. Next, the 
managerial subsystem will then assist the evaluation of at 
most five consultant candidates. This ranking will then be 
used by a group of decision maker to select the best 
consultants. A web based group DSS will be implemented 
in the strategic module.  Hierarchical fuzzy TOPSIS 
decision engine will be deployed in both managerial and 
strategic level. The accomplishment of this research phase 
will provide a more robust DSS prototype for CSP. This 
will serve as “proof by demonstration” in DSRM 
(Nunamaker et al., 1991) 
4)   Phase 4 – Evaluation: 
This phase will provide an essential feedback to the 
previous research activities. It is possible that changes will 
be made after receiving comments from the DSS users 
and the previous research activities will be revisited. The 
output of this phase can be anticipated to be the most 
desirable artifacts after a series of iteration and 
improvement had been made (Vaishnavi & Kuechler, 
2007). The adoption of usability concept in a system 
development is proven to improve the software 
specifications in requirement engineering. Therefore, the 
evaluation phase of this research will be dominantly asses 
the usability effectiveness of DSS for CSP. According to 
Hevner et al. (Hevner et al., 2004), observational 
technique such as case study can be use to evaluate the IT 
artifact. Thus, a case study will be conducted in this 
phase.  
a)  Usability Evaluation- Case Study 3:  
The purpose of this case is to investigate the 
usability evaluation of DSS for CSP at DID 
Malaysia. A semi-structured interview will be 
conducted with participants to acquire the 
primary data. This includes issues such as (1) 
General utility of the system, (2) Conceptual 
design as a whole, (3)DSS process and 
operational as a whole, (4) Correctness of 
decision outcome, (5) System satisfaction, (6) 
Memorability, (7) Error tolerance, (8) 
Learnability, (9) Efficiency and (10) Flexibility. 
The accomplishment of this case study will serve 
as “proof by demonstration” in DSRM as 




4) Phase 5 – Conclusions: 
The final phase of the research will conclude and 
summarize the findings. Deliverables of this phase is the 
software specification of DSS for CSP. UML diagrams 
will be utilized to illustrate the specifications of the 
“optimized” DSS artifacts. Thus, it will directly address 
the main research aim. 
B. Discussions 
As mention before, the main aim of the research is to 
develop DSS specifications for CSP. Due to the nature of 
this research, it is fall under IS research domain which is 
to develop an IT artifacts. The recent trend in IS domain 
shows that studies are increasingly adopting DSRM that 
mixed with other methodologies (Adikari et al., 2006; 
Chen et al., 2007; Fisher, 2007; Valverde, 2008). 
Therefore, DSRM is chosen to be utilized in conjunction 
with case studies. Based on Figure 2, Phase II, III and IV 
are anticipated to respectively address research objectives 
such as (1) perform a sufficient software requirement 
analysis and design of DSS for CSP, (2) develop a robust 
prototype of DSS for CSP and (3) evaluate the usability 
aspect of DSS for CSP. DSRM can be combined with 
other research methodologies. Thus, we adopted three 
case studies to link with the research objectives. In short, 
this research concern on the aspect of design, 
development and evaluation of DSS for consultant 
selection. It is expected that the research will contribute to 
improve the decision making process involving irrigation 
and drainage projects in Malaysia. In a greater context, 
this system can be generalized to different country that 
might utilize traditional project delivery. However, the 
criteria used for assessment will be different based on the 
needs of public sector client. 
V. CONCLUSIONS AND FUTURE WORKS 
Infrastructure project development is vital in many 
developing countries. The planning phase for 
infrastructure projects comprise from operational to 
strategic level. It should be managed and coordinate 
efficiently. This includes the decision making to appoint 
the right consultant for infrastructure project. Consultant’s 
judgment may contribute a profound impact to the project 
performance. In Malaysia, a decision making problem for 
irrigation and drainage projects has been identified where 
these projects are wrongly awarded to unqualified 
consultants. As a result, these projects were found delays 
and cost overrun. The current decision making to appoint 
an appropriate consultant at DID is made solely via 
human intuition. Thus, DSS will be deployed to solve the 
consultant selection problem. In construction, only few 
attempts have been made to develop IT artifacts via DSS 
for consultant selection. This has led a research to develop 
DSS for CSP. Thus, this paper presented a framework of 
our research methodology applied for the construction 
problem. Design science research methodology is chosen 
to approach the research objectives. Few case studies are 
also considered to be part of the framework. The proposed 
DSS is anticipated to assist organizational decision 
making and promote more transparent selection process.  
In future, we will attempt to start the first case study to 
elicit the system and user requirements. This will followed 
by second case study i.e. requirement analysis and design 
of the consultant selection DSS. Finally, the system will 
be developed and evaluated. 
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Figure 2.  Design Science Research Methodology for this Research. 
• A case study of goal driven 
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